Abstract: This exploration work target was to upgrade the micropropagation of potato cultivars through the utilization of new light sources in the development rooms. The experiment consisted of two potato cultivars (Diamant and agria), and five light sources (white, blue, green and red LEDs; and white fluorescent lights). The explants comprised of nodal segments containing one bud, segregated from plantlets developed in vitro. The experimental design was completely randomized arranged in a 2x5 factorial, with 4 replications. Each experimental unit consisted of a flask with five explants. Three 28-day successive subcultures were done in MS medium and incubated under controlled conditions (temperature = 25+2ºC; photoperiod = 16 hours; light intensity = 20 μmol m -2 s -1 ). Toward the finish of every subculture, plantlet length, number of nodes per plantlet, internode length and plantlet fresh weight were assessed. After the second subculture, differences were found among the two potato cultivars developed in vitro: "Agria" performed better than "Diamant" in most plantlet growth parameters. Different light sources influenced the potato plantlet development: red and green LEDs were the most and least prescribed for plantlet advancement respectively, in view of the after effects of bud number per plantlet, plantlet length. Photosynthetic pigment contents were significantly different under the different light treatments. Chlorophyll a, b and carotenoids were higher in plantlets grown under Red, and less in plantlets under green LED light.
INTRODUCTION
Broccoli (Brassica oleracea var. italica) is a cruciferous crop that is an excellent source of vitamin C, calcium, magnesium, carotenoids, and fiber (Kurilich et al., 1999) . Broccoli has received particular attention as the best source of glucosinolates, sulfur-containing compounds, which have been shown to possess health benefits (Fahey et al., 2002) . Glucosinolate hydrolysis products could help prevent cancer by enhancing the elimination of carcinogens before they can damage DNA and high intakes of cruciferous vegetables including broccoli have been associated with lower risk of cancer in some epidemiological studies (van Poppel et al., 1999) .
Genotypes of plants vary widely in their qualitative and quantitative traits, however, visible plant morphological variation is known to occur at a much lower frequency than at the DNA level (Evans et al., 1984) and as a result, it Potato (Solanum tuberosum L.) is a standout amongst the most critical vegetable harvests in Egypt for local consumption and exportation. The total area devoted to production in the year 2013 in Egypt was 300,662 Fadden, with a total production of around 4,500,000 tons (average 14.96 ton/fed.). Around the world, the potato is the fourth most essential crop, with a yearly production of 325 million tons, (FAO state, 2012) . Egypt imports a considerable amount of seed potato for production of table potato, for local consumption and for exportation to Europe and Arab markets (about 250,000 tons annually). Recently for the summer season (2015) , Egypt imported about 150,000 tons of seed potatoes from Europe. This huge amount of seeds has a negative influence on the national economy and national hard currency. The alternative available approach for production of certified potato seeds is the only way to solve the problem using micro-propagation in vitro technology. Biotechnology can contribute to the solution of these problems and provide great benefits to potato farmers. The regeneration of plants from the cell and tissue culture represents an essential component of biotechnology and have the potential not only to improve the existing cultivars but also for the generation of novel plants in a comparatively short period of time compared to the conventional breeding method (Abdelaleem, 2015) . Virus-free seed potatoes are obtained by means of tissue culture techniques, which represent 17 to 21% of the total crop costs (Agrianual et al., 2013) . Several studies have been made to optimize the micropropagation process, mainly related to culture medium composition (Abdullateef et al., 2009 ). However, tissue culture environments might be improved by using newly available light sources that might represent lower production costs, especially for seed potato production (Seabrook, 2005; Li et al., 2010) .
Recently developed light emission diodes (LEDs) have been pointed out by authors as potential sources of light for in vitro environments cultivation. LEDs are characterized by specific wavelengths, small mass and volume, long useful life, low heating and highly efficient light generation process (60%), and do not contain mercury or another hazard element to the environment (Yeh and Chung, 2009) . For this reason, interesting research works have been carried out with several plant species grown under LEDs, such as cherry (Muleo and Thomas, 1997) , banana (Nhut et al., 2002) , strawberry (Rocha et al., 2010) , cotton (Li et al., 2010) , among others.
This work aimed to optimize the in vitro propagation of two potato cultivars, using different LED light colors in the culture environment. 
MATERIALS AND METHODS

This
Micropropagation procedures
Certified seed tubers from two potato genotypes "Diamant" and "Agria" were allowed to grow in the greenhouse in 15 cm plastic pots filled with vermiculite, one tuber per pot until sprouting took place. Sprouts (5 cm) were collected, rinsed with tap water for 10 min. In a laminar air-flow hood, sprout tips were sterilized with 10% Clorox solution containing 5.25% sodium hypochlorite for 3 min., then washed three times in sterile distilled H 2 O. Shoot meristem tips (0.5 mm) were isolated under binuclear at 20x magnification and cultured in 15 cm test tube (one meristem/test tube) containing 10 ml of Murashige and Skoog (MS) medium (1962) without plant growth regulator (PGR) The medium pH was adjusted to 5.8 before autoclaving at 110 kPa for 20 min at 120°C. Cultured explants were incubated in a controlled environment at 25±2°C and 50±10% relative humidity (RH).
Whole plantlet containing about 10 nodes were derived from the culture of each meristem tip. Per each cultivar, meristem-derived plantlets were utilized for further in vitro multiplication using single node cuttings. Nodal segments with single bud were cultured in 250 mL glass flasks, containing 40 mL of the same PGR-free MS medium solidified with 7 g L -1 Agar, about 5 explants per each flasks The cultures were kept in a growth chamber at constant temperature(25±2ºC) under illuminations with a photoperiod of 16h (Dodds et al., 1992 ), white led lamps and white fluorescent lamps (30 μmol m -2 s -1 ; control). Under such conditions, three successive 28-day long subculture treatments consisted of two potato cv. "Agria" and "Diamond" with five light sources, treatments followed a completely randomized design arranged in a 2x5 factorial with 4 replications. The unit consisted of a flask with 5 explants. At the end of each subculture, average plantlet length (mm), the number of buds per plantlet, average internodes length (mm) and fresh weight/plantlet (g), were evaluated. The three subculture average values were considered data entries for statistical analysis. At the end of the third subculture, plantlet leaf samples (100 mg of fresh leaf tissue) were collected from the different treatments for analysis (concentration determination) of carotenoids and (a and b) chlorophylls (a and b) in 80% acetone extracts. The pigment quantification was made by spectrophotometry (chlorophyll a at 663 nm; bchlorophyll at 645 nm; and carotenoids at 470 nm), according to Lichtenthaler (1987) .
General laboratory procedures
In all in vitro experiments, otherwise mentioned, MS medium basal salts and vitamins (4.2g L -1 , Duchefa Biochemie) without PGR was utilized during multiplication stage. Per each liter of MS medium, 30 g sucrose was added and the pH was adjusted to 5.7 before the addition of 7.0 g L -1 agar for solid medium.
Statistical analysis ANOVA was performed using Costat computer program version 6.4 and means separation with LSD test at 5% level of significance.
RESULTS AND DISCUSSION
Both of the two potato cultivars "Agria" and "Diamante" showed good in vitro growth under the five studied light sources (white, blue, green, red LEDs, and white fluorescent lamps). In the present research, the analysis of variance showed interactions between potato cultivars and light sources for the variables: average plantlet length average bud number per plantlet and average internode length (Table 1) . As tested over two potato genotype, results indicated a significant increase of plantlet height, grown under red LED light condition. Plantlet of cv. "Agria" plantlets showed higher length than cv. "Diamante". The interaction of light and cultivars was significant and the highest number of plantlet length was recorded in cv. Agria (112 mm) under red led light. About average internode length (mm) "Agria" plantlet showed the longest internodes under all studied light sources, but it did not differ from "Diamant" under blue LEDs (p<0.05). Results also showed an increase of plantlet internode length when grown under red and green LEDs condition. The interaction of light and cultivars was significant and the highest number of internode length was recorded in cv. "Agria" 14.0 mm under red LED light condition. Poudel et al. (2008) also demonstrated that plant height and internodes length were longer in grape plants cultured under red LEDs.
Higher bud (node) number per plantlet was obtained under red led light condition, where no differences were found among cultivars under all light conditions. On the other hand, green led light was the least responsive light condition since it showed the least bud number per plantlet for both cultivars (Table 1) . The same results were reported by Rocha et al. (2015) who showed that green LEDs negatively affected the bud number which decreased in both tested cultivars of potato. The interaction of light and cultivars was significant and the highest number of buds per plantlet was recorded in both "Diamant" (8.41) and "Agria" (8.38) under red led light condition.
About plantlet fresh weight, results showed no significant differences between the two studied cultivars. On the other hand, fluorescent lamps showed highest fresh weight /plantlet followed by red and white LEDs conditions. Concurrent blue and red light provided at the beginning of the photoperiod by LEDs resulted in an increase in fresh/dry weight accumulation of potato plantlets in culture (Jao and Fang, 2004) .
Such results demonstrated the positive effect of LED light on the in-vitro growth and development of the studied potato cultivars. According to Folta and Maruhnich (2007) , red and blue lights induce faster plantlet growth, even faster than white light does, meanwhile green light that is absorbed by phytochromes and cryptochromes, act influencing events that reduce vegetative development.
Furthermore, Wu et al. (2007) reported that red light spectrum emission is near the point of maximum absorption by chlorophylls and phytochromes and it is important for photosynthetic apparatus development and for starch accumulation; and that blue light is relevant for chloroplast development, chlorophyll formation, and stomata opening.
Red LEDs induced longer plantlets in both studied potato cultivars; plantlet length plus internode length are the most important variables to be evaluated for the in vitro propagation process. Kim et al. (2004) and Rocha et al. (2010) had already observed longer plantlets of chrysanthemum and strawberry when grown under red LEDs than under other sources of light. With other potato cultivars, Wilson et al. (1993) obtained longer plantlets under red LEDs, compared to plantlets grown under white fluorescent lamps or even under blue LEDs. Petiole and plantlet length have been associated with red light, which was observed to stimulate and enhance plant species cell lengthening (Wilson et al., 1993) . In general, longer plantlets are considered the best in the micropropagation process, because they are easily separated and acclimated, and besides, they contain higher bud number. Villavicencio et al. (2007) observed that potato plantlets of 51 to 70 mm long presented 91% survival rate after acclimatization, meanwhile plantlets with less than 30 mm long showed only 77% survival rate.
From previous results, it can be concluded that LEDs provide radiant energy for better potato explant and plantlet development in laboratory rooms, and also, they show the advantage of long useful life that may reach 100,000 hours, meanwhile fluorescent lamps present an average useful life of 8,000 hours, and incandescent lamps of 1,000 hours (Rocha et al., 2010) . According to these authors, another advantage is the energy saving, since LEDs present high energetic efficiency (50%) compared to fluorescent lamps (20%). This fact directly reduces the plantlet production costs, once the growth room illumination is responsible for 65% of energy power costs of a tissue culture laboratory (Yeh and Chung, 2009) .
The interaction between potato cultivars and light sources for the (chlorophyll a) concentrations were found significant (p<0.05). Green LEDs induced least (chlorophyll a) concentrations in both studied cultivars. However, no chlorophyll differences were found for 'Agria' and 'Diamant' under red, white, blue LEDs and white fluorescent lamps. Also, green LEDs followed by blue LEDs provided the least (chlorophyll b) concentrations in both cultivars (Table 2) . On the other hand, red LEDs followed by white LEDs and fluorescent lamps showed a higher concentration of (chlorophyll b). Higher a-and b-chlorophyll concentrations were obtained under red LED and fluorescent lamps light conditions under which no differences were found among the two studied cultivars under all light conditions. On the other hand, green led light was the least responsive light source once it showed the least a-and b-chlorophyll concentrations for both cultivars (Table 2) .
Besides, almost all treatments presented a:b chlorophyll ratio higher than 2 (a:b >2) that is close to the ratio found in plants grown under natural sunlight (3:1) (Streit et al., 2005) . According to these authors, chlorophyll "a" is important for the photosynthesis first stage (photochemistry), meanwhile chlorophyll "b" act in the radiant energy capture process and transference to the reaction centers.
Under red LEDs, plantlet leaves elongated but chlorophyll content decreased. It has earlier been reported that red LEDs affect stem elongation, leaf expansion (Hoenecke et al., 1992) and chlorophyll synthesis. Tripathy and Brown (1995) demonstrated that the decrease in totally fresh and dry weight, and of root weight of plantlets under red LEDs was less than that of plantlets under blue LEDs. This was also observed in our study. This decrease in root weight could be accounted for by the increase in shoot/root ratio under red LEDs as reported earlier . Our results are also in agreement with Appelgren (1991) for Pelargonium, in which blue light strongly inhibited stem elongation.
There were no significant differences between the two studied cultivars in carotenoids concentrations but significantly differed among light sources (Table 3) . Highest carotenoids concentrations (0.64 and 0.63 mg g -1 of fresh tissue) were found in plantlets grown under white fluorescent lamps and red LEDs, respectively, for this variable. Wu et al. (2007) had already observed higher carotenoids accumulation in peas grown under red light. In the present work, the least carotenoids concentrations were obtained under green LEDs, corroborating the results of Rocha et al. (2010) , when studying in vitro culture of strawberry. In general, green light is considered a less relevant type of energy for photosynthesis mainly due to its low absorption coefficient (Kim et al., 2004) . It is highlighted that chlorophylls and carotenoids synthesized by plants are essential pigments: in the photosynthesis process (light absorption); in preventing plants from photooxidation; in the coloration of plants; and besides, as precursors of vitamins and antioxidants (Wu et al., 2007) .
The LED lighting effects on in vitro plantlets were also varied depending on cultivation period as shown in Fig. (1) . The third subculture was significantly higher than the second and the first, in both tested cultivars and in most LED treatment color, Also most Averages of growth treatment was higher under red LED light, results in Fig. (1. A and D) showed that plantlet in cultivar Agria showed significant higher than Diamant plantlet cultivar. 
CONCLUSION
Light emitting diode (LED) has been proposed as a potential alternative light source for growth and development of in vitro potato plant growth. Led light is promising tools to decrease high costs in plant production by tissue culture. A genetic effect of potato cultivar in the process of in vitro propagation was evident since Agria showed higher growth than Diamont.
LEDs can be used as source of light in substitution to the white fluorescent lamps in tissueculture growth rooms for in vitro potato propagation. The light source of growth rooms influenced the potato explants development in vitro: red LEDs were the most and green LEDs the least recommended for plantlet vegetative development.
